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Human BMP sequences can confer normal dorsal-ventral 
patterning in the Drosophila embryo. 

Padgett RW, Wozney JM, Gelbart WM 

Department of Cellular and Developmental Biology, Harvard University, Cambridge, 
MA 02138-2097. 

The type beta transforming growth factor family is composed of a series of 
processed, secreted growth factors, several of which have been implicated m 
important regulatory roles in cell determination, inductive interactions, and tissue 
differentiation. Among these factors, the sequence of the DPP protein from 
Drosophila is most similar to two of the vertebrate bone niorphogenetic protems, 
BMP2 and BMP4. Here we report that the human BMP4 Hgand sequences can 
function in lieu of DPP in Drosophila embryos. We introduced the ligand region 
from human BMP4 into a genomic fragment of the dpp gene in place of the 
Drosophila ligand sequences and recovered transgenic flies by P-element 
transformation. We find that this chimeric dpp-BMP4 transgene can completely 
rescue the embryonic dorsal-ventral patterning defect of null dpp mutant genotypes. 
We infer that the chimeric DPP-BMP4 protein can be processed properly and, by 
analogy with the action of other family members, can activate the endogenous DPP 
receptor to carry out the events necessary for dorsal-ventral patterning. Our 
evidence suggests that the DPP-BMP4 signal transduction pathway has been 
functionally conserved for at least 600 million years. 

PMID; 8464906, UI: 932193^3 
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Characterization and relationship of Dpp receptors encoded by the 
saxophone and thick veins genes in Drosophila. 

Brummel TJ, Twombly V, Marques G, Wrana JL, Newfeld SJ, Attisano L, 
Massague J, O'Connor MB, Gelbart WM 

Department of Molecular Biology and Biochemistry, University of California, Irvine 
92717. 

The dpp/BMP family of TGF beta-related factors controls numerous events in 
pattern formation and morphogenesis . How these polypeptide signals are received 
and transduced by target cells is largely unknown. We combme molecular and 
genetic approaches to establish that the Drosophila saxophone (sax) gene encodes a 
dpp receptor We compare the structural properties and expression patterns of sax 
with a second dpp receptor encoded by the thick veins (tkv) gene While the sax 
gene is expressed ubiquitously, tkv is expressed in a highly localized and dynamic 
pattern during development. Some, but not all, of the tkv expression pattern parallels 
that of dpp Ubiquitous expression of a tkv transgene rescues both tkv and sax 
loss-of-function mutations. Thus, there is at least partial Rinctional overlap of the sax 
and tkv receptors in vivo. We consider these observations in terms of possible 
ligand-receptor interactions during Drosophila development. 

PMID: 8044839, UI. 94320137 
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(lecapentaplegic is essential for the maintenance and division of 
germline stem cells in the Drosophila ovary. 

Xie T, Spradling AC 

Howard Hughes Medical Institute, Department of Embryology, Carnegie Institution 
of Washington, BaUimore, Maryland 21210, USA 

Stem cells are thought to occupy special local environments, or niches, established 
by neighboring cells that give them the capability for self-renewal. Each ovariole m 
the Drosophila ovary contains two germline stem cells surrounded by a group ot 
differentiated somatic cells that express hedgehog and wingless. Here we show that 
the BMP2/4 homolog decapentaplegic (dpp) is specifically required to maintain 
female germline stem cells and promote their division. Overexpression of dpp blocks 
germline stem cell ditTerentiation. Conversely, mutations in dpp or its receptor 
(saxophone) accelerate stem cell loss and retard stem cell division. We constructed 
mutant germline stem cell clones to show that the dpp signal is directly received by 
germline stem cells. Thus, dpp signaling helps define a niche that controls germline 
stem cell proliferation. 



PMID: 9695953, UI 98359124 
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Establishment of stem cell identity in the Drosophila germline. 



Related Resources 



Bhat KM, Schedl P 

Department of Molecular Biology, Princeton University, New Jersey, USA. 
KBhat@anatomy.emory edu 

In the adult Drosophila ovary the continuous production of eggs depends upon a 
small group of stem cells located at the anterior tip of the germarium. These stem 
cells divide asymmetrically to self renew and to generate a cystoblast, which m 
females is committed to the oocyte differentiation pathway. While much is known 
about the development of poststem cell cystoblasts, little is known about when stem 
cells are formed or how their identity is initially established. To investigate these 
questions we have used the P-M hybrid dysgenesis syndrome as a tool for ablating 
the "pre-stem cell" progenitors of the stem cells. Our experiments indicate that the 
pre-stem cells in females assume stem cell identity during the eariy pupal stage. Our 
results also suggest a model in which at least two pre-stem cells must be present 
within an ovariole for the specification of stem cell fate. When only a single pre-stem 
cell is sequestered by an ovariole, this cell does not assume stem cell identity, but 
instead follows the cystoblast-cystocyte differentiation pathway. 

PMID 9415423, UI; 98075905 
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The tao of stem cells in the gerniline. 
Lin H 

Department of Cell Biology, Duke University Medical Center, Durham, North 
Carolina 27710, USA. h.lin@.cellbio.duke.edu 

Germline stem cells (GSCs) are the self-renewing population of germ cells that serve 
as the source for gametogenesis. GSCs exist in diverse forms, from those that 
undergo strict self-renewing asymmetric divisions in Drosophila to those that 
maintain their population by balancing between mitosis and differentiation m 
Caenorhabditis elegans. Most vertebrate spermatogonial GSCs appear to adopt an 
intermediate strategy. In most animals, GSCs are established during preadult 
gonadogenesis following the proliferation and migration of embi7onic primordial 
germ cells. GSCs produce numerous gametes throughout the sexually active period 
of adult life. The establishmem and self-renewing division of GSCs are controlled by 
extracellular signals such as hormones from the hypothalamic-pituitary axis and local 
interactions between GSCs and their neighboring cells. These extracellular signals 
may then influence differential gene expression, cell cycle machinery', and 
cytoskeletal organization of GSCs for their formation and/or divisional asymmetry. 
In addition, the GSC mechanism is related to that for germline and sex 
determination. Current knowledge has provided a solid iramework for further study 
of GSCs and stem cells in general. 

Publication Types, 
o Review 

o Review, academic 
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Functional analysis of an ascidian homologue of vertebrate 
Bmp-2/Bmp-4 suggests its role in the inhibition of neural fate 
specification. 

Miya T, Morita K, Suzuki A, Ueno N, Satoh N 

Department of Zoology, Graduate School of Science, Kyoto University, Japan. 

The ascidian tadpole larva is thought to be close to a prototype of the ancestral 
chordate. The vertebrate body plan is established by a series of inductive cellular 
interactions, whereas ascidians show a highly determinate mode of development. 
Recent studies however, suggest some roles of cell-cell interaction during ascidian 
embryogenesis. To elucidate the signaHng molecules responsible for the cellular 
interaction, we isolated HrBMPb, an ascidian homologue of the vertebrate bone 
morphogenetic protein (BMP) gene, from Halocynthia roretzi. The amino acid 
sequence of HrBMPb closely resembled those of vertebrate BMP-2 and BMP-4 and 
of Drosophila Decapentaplegic (DPP). In addition to the sequence similarity, 
HrBMPb overexpression induced the ventralization of Xenopus embryos, suggesting 
functional conservation The zygotic expression of HrBMPb was first detected 
around gastrulation. HrBMPb expression was maintained in some cells at the lateral 
edges of the neural plate through gastrulation to neurulation, although that in the 
presumptive muscle cells was downregulated. HrBMPb was not expressed in the 
presumptive epidermis during gastrulation. When HrBMPb mRNA was injected into 
fertilized Halocynthia eggs, cells that normally give rise to the neural tissue 
differentiated into epidermis, causing a loss of anterior neural tissue in the larva. In 
addition, HrBMPb might function synergistically with HrBMPa, an ascidian 
homologue of BMPs-5 to 8 However, HrBMPb overexpression did not affect 
differentiation of the notochord and muscle cells. These results suggest that 
HrBMPb functions as a neural inhibitor and as an epidermal inducer but not as a 
ventralizing agent in ascidian development. 

PMID: 9362472, UT 98090067 
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Developmental Biology 

Human BMP sequences can confer normal dorsal-ventral 
patterning in the Drosophila embryo 

(decapentaplegic/human BMP4/embryonic rescue/chimerk genes) 

Richard W PADGETT*^ John M. WozNiiv*, and William M. Gelbart* 

.I,epar,™e„. of CeUuiar and Dcve,op.e„,a. B.olosy, Harvard U„,v..i,v, Cambridge, MA a„d T.n.ics .n.i,.,e, Ca.brids. Park Dnv., 

Cambridge. MA 02140-2387 

Communicated by Fotis C. Kafalos, December 30. 1992 (received for review November 25. 1992) 



ABSTRACT The type P transforming growth factor fam- 
Uy Is composed of a series of processed, secreted growth factors, 
several of which have been implicated in important regulatory 
roles In ceU determination, Inductive hitcractions, and tissue 
differentiation. Among these factors, the sequence of the DPP 
protein from Drosophila is most similar to two of the vertebrate 
bone morphogenetic proteins, BMP2 and BMP4. Here we 
report that the human BMP4 Ugand sequences can function in 
lieu of DPP in Drosophila embryos. We introduced the Ugand 
region from human BMP4 into a genomic fragment of the dpp 
gene in place of the DrosophUa Ugand sequences and recovered 
transgenic flies by F-element transformation. We find that this 
chimeric dp^BMP4 transgcne can completely rescue the em- 
bryonlc dorsal-ventral patterning defect of nuU dpp mutant 
genotypes. We infer that the chimeric DPP-BMP4 protein can 
be processed properly and, by analogy with the action of other 
family members, can activate the endogenous DPP receptor to 
carry out the events necessary for do^sa^vent^al pattermng. 
Our evidence suggests that the DPP-BMP4 signal transduction 
pathway has been functlonaUy conserved for at least 600 mUHon 
years. 

The type jS transforming growth factor (TGF-^) family is 
composed of several members of a secreted family of poly- 
peptides that have profound effects on ceU growth and 
differentiation (1-6). Their effect on cells occurs through 
binding to specific serine/threonine icmase receptors that 
transduce signals that alter the expression of downstream 
genes The developmental effects of this growth factor famUy 
cover a wide spectrum but are usually associated with 
negative growth control. 

In Drosophila, there arc two known TGF-^-like members 
the dpp gene and the 60A gene. The dpp ligand acts m a signa 
transduction pathway to establish the identity of dorsal 
ectoderm in the early embryo. Later in development, the 
DPP protein is involved in other morphological events, such 
as visceral mesoderm formation and disk development. Mu- 
tations in the 60A gene have not been identified, but its 
expression pattern suggests a role in embryonic mesoderm 
and ectoderm determination. 

All nascent polypeptides of the TGF-j3 family members 
that have been studied are proteolytically processed to pro- 
duce a propeptide and a mature polypeptide. The C-terminal 
mature region (in dimeric form) is the bioactivc part of the 
molecule that binds the appropriate cellular receptors. It is 
the mature region, typically 110-130 amino acids long, that 
contains the seven invariant cysteine residues characteristic 
of all family members. The similarity of dpp to other 1 Oh - 
B-like molecules follows a continuum, with the human 
BMP2/BMP4 proteins being most simUar. DPP and BMF2/ 
BMP4 are 75% identical over the C-terminal 100 ammo acids 



of the mature region (Fig. \A) and -30% identical in the 
propeptide region (7). Besides these high levels of sequence 
conservation, the localization of three dpp point mutations 
that disrupt all phenotypes controlled by dpp indicates that 
this C-terminal 100-amino acid domain is required for all dpp 
functions (K. Wharton, R. Ray, and W.M.G., unpubhshed 

results). . 

We have begun to examine whether the extensive struc- 
tural similarity reflects functional conservation of DPP to 
BMP2/BMP4. We are defining functional conservation to 
mean a mechanistic conservation rather than a common set 
of cells or tissues affected by these protein factors. Presum- 
ably the developmental potential of the cell will determine 
the consequences of signaling by these growth factor ligands, 
as is true for the effects dpp has on the developing Drosoph- 
ila For this purpose, we have used the earliest requirement 
for the dpp gene, determination of embryonic dorsal ecto- 
derm (8-10), as a bioassay. We have constructed chimeric 
molecules and asked whether they are able to rescue the 
dorsal ectoderm of animals lacking dpp. 

MATERIALS AND METHODS 
Generation of Molecular Constructs. To facilitate construc- 
tion of the chimeric genes, restriction sites were mtroduced 
into the appropriate clones. Nar I and Sea I restnction sites 
were introduced into dpp or BMP4 by site-directed muta- 
genesis using mutant oligonucleotides (11). A Nar I site was 
introduced after the first conserved cysteine in the C termi- 
nus of the mature ligand region. The Sea I site was mtroduced 
after the termination codon of the protein. The introduction 
of new restriction sites did not change any of the amino acids 
encoded by either gene. The entire mutagemzcd insert was 
sequenced to verify that no unwanted mutations were intro- 
duced during the in vitro manipulations. The remainder ot the 
coding region outside the Nar I and Sea 1 sites is derived from 
the Hin region of the Drosophila dpp gene. An 8-kb fragment 
containing the dpp-BMP4 chimeric gene was cloned into the 
F-element transformation vector CaSpeR (12). 

DrosophUa Strains and Manipulations. dppH61 is a smal 
deficiency that removes most of the 3' coding exon of dpp{U) 
and Dfl2L)DTD48 is a deficiency for all of dpp (14). SM6a \h 
a balancer for the second chromosome (15). Strains contain- 
ing multiple copies of the chimeric transposon were gener- 
ated by transposing the construct onto the desired chromo- 
some with a strain containing an active transposase (16) or by 
rccombining multiple copies onto a single chromosome. 
Gcrm-linc transformants were obtained by standard tech- 
niques (17). Cuticle preparations were done on embryos as 
described (18). 



The publication costs of this article were defrayed in part by page charge 
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RESULTS AND DISCUSSION 
Conservation of Gene Structure. In addition to the sequence 
similarities of the DPP and BMP2/BMP4 polypeptides, there 
are considerable parallels between their transcripts. WhUe 
the dpp gene (>55 kb) produces several transcripts, each has 
a similar structure (8). Each transcript consists of a unique 5'^ 
untranslated exon together with common middle and 3' 
exons Because the open reading frame is entirely contamed 
within the middle and 3' exons, all dpp transcripts encode the 
identical polypeptide (R.W.P. and W.M.G., unpublished 



results). BMP2 and BMP4 have 5' noncodmg exons as welL 
Furthermore, like dpp, the coding regions of BMP2 and 
BMP4 are contained in two exons (J.M.W., unpublished 
results). The position of the intron between the two coding 
exons is in exactly the same position for all three genes. This 
is apparent by examining the alignment of protein sequences 
around this intron of the three genes (Fig. IB). Sequencesjusl 
upstream (ANTVRSF) and downstream (AELQ/R) ot the 
splice sites for dpp and BMP2/BMP4 permit an exact align- 
ment of the proteins in this region. Strikingly, the splice sites 
are at identical positions, after the first base in the fourth 
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1 he phenotypes of Df(2L)DTD^S/ dpp^^^ embryos carrying 
Drosophila cippov human BMP4 chimera transgcnes. 


Ligand 


Transgene 
t^tjpv number 


Hmbrvonic phenotvce 


None 


0 


strong veiitializaiion 


DPP 


1 


\^ak ventraliz^tion 


DPF-BMP4 


2 


weak ventralizalion 


DPP 


2 


normal 


DPP-BMP4 


3 


normal 



, iA\ ct„,o,,„v. r,f thp mRNA derived from the dpp-BMP4 chimeric transgene. Solid box 
Fig. 2. dpp-BMP4 chimera rescue expenmenls. (A) Structure the 'nRN A ^"1^^ "°"^^^ f^r comparable sequences of the 

represents human BMP4 ligand sequences that '^^.^ '"'''^""'^.f °.''',V,hrf^r,^ con^^^^^ ^'='<* 
DPP ligand. Fusion site of the DPP and human BMP4 polypeptides is ^' f nro eolytic cleavage site (20, 21). Other than this 

DPP sequence and 306 in BMP4, (see arrows n Fig^l A 30 amino -f^^™™;, ^^^^^^^^^^ the m.ddle and 

^trtTnSueL^ccIl^^^^^^ 

^l^^:^^^^^^^ rhatr;(\9rS M^Lt phenotvpes obtained b. different doses 

of wild-type dpp and chimeric iransposons. 
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codon C-terminal to the ANTVRSF motif. The structural 
parallels between their processed transcripts further 
strengthen the argument that dpp and BMP2/BMP4 have a 
common evolutionary origin. 

The Chimeric Gene Can Rescue DrosopkUa Embryos. To 
lest whether the human BMP ligand sequences could substi- 
tute for dpp in eariy development, we chose to replace the 
Drosophila dpp sequences with the human counterpart. In 
Drosophila, the formation of the dorsal ectoderm offers a 
sensitive bioassay for function. The dorsal- ventral patterning 
function of dpp in embryonic development is contained 
within an 8-kb fragment spanning the centrally located Hin 
region of the dpp gene (19). This region includes the most 
abundant dpp embryonic transcription unit (6, 8) together 
with sufficient cis-regulatory sequences to confer expression 
of dpp in the dorsal ectoderm during blastoderm and germ- 
band extension stages (R.W.P. and W.M.G., unpublished 
data). If transgenic constructs produce sufficient amounts of 
correctly regulated dpp activity, animals completely lacking 
endogenous dpp gene activity will hatch to larvae and display 
a normal larval cuticular pattern. For the 8-kb Drosophila 
Hin region construct, two copies of the transgene typically 
fully rescue dorsal-ventral patterning in a dpp null genetic 
background. We chose to attempt the rescue of a dpp null 
animal with our chimeric transgene rather than to attempt to 
create gain-of-function phenotypcs by ectopic expression, 
since rescue directly and stringently tests whether the trans- 
gene can fulfill the normal requirement for dpp activity in its 
signal transduction pathway. 
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We have introduced a chimeric Hin region rescue trans- 
gene, in which the bulk of the ligand region (amino acids 
485-588) was derived from the human BMP4 gene (Fig. 2A), 
using standard F-clemcnt-mediated germ-line transformation 
(17). In these experiments, we did not want to determine 
whether the C-terminal proteolytic processing was conserved 
between Drosophila and humans. For this reason, we se- 
lected amino acids 485-588 encoded by the human gene for 
the dpp-BMF4 swap to ensure that we were not replacing the 
C-terminal sequences necessary for protease recognition and 
cleavage of the mature ligand from the propeptide region. If 
the chimeric protein was not property processed, then we 
would not be able to test whether it was able to function in 
place of the endogenous dpp gene. The phenotypic effects of 
this chimeric transgene in dpp mutant backgrounds were 
compared to those of a Hin transgene composed solely of 
Drosophila dpp sequences. 

We have observed functional dpp^ activity of the chimenc 
constructs in several genotypes with reduced or no endoge- 
nous dpp activity. For example, a single copy of the chimeric 
transgene is sufficient to rescue fully the otherwise haplole- 
thal dpp^/Df[2L}dpp genotype (data not shown). The most 
striking demonstration of the activity of the chimeric trans- 
poson comes from genotypes totally lacking endogenous dpp 
activity (Figs. 2B and 3; Table 1). This genotype is hetero- 
zygous for two dpp deletions: a large one in which the entire 
chromosomal region surrounding dpp has been removed 
[Dfi2L)DTD48\ and a small one in which most or all of the 3' 
exon, including the ligand coding region, is missing (dpp^^^). 
In such a dpp null background, partial and full rescue of 



■ ■ \ 



4. . - 




m2n™and h^'^^^^^^^ onh/chimeric transgene. (B) Mutant pheno.ype oi.dpp"-/Dfi2L)DTD4S 'n^bn'o conummg 

there is a concomitant expansion of the ventral epidermal domain around the entire orcumference of the embryo. 
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Table 1. Crosses to determine effects of the chimeric transgene on rescue of dpp null genotypes 
Cross to generate test embryos 



Resulting progeny* 



Cross 



9 parent 



(5 parent 



Total fertilized eggs % dead eggs 



Dfi:L)DTD48/CyO-F23 
Df(:L)DTD48 TnBh 
dpp"^' TnA/- 
Of{2L)DTD48 TnB/ \ 
1)J12L)DTD48 TnC TnD/ ^ 
Dfi2L)DTD48 TnC TnD/- 



378 
1480 
621 
304 
504 
1379 



46* 
24^ 
29 
1 
4 
6 



1 dppf^^^/CyO-P23^ 

2 dpp'^^' InA^/SM6a 

3 DjUl}DTD48 TnC /S ma 

4 dpp^^^' TnA TnDlSM6a 

5 dpp"^' TnA TnD/SM6a 

6 d pp"^' TnA TnE/SM6a ^ 

♦Embryos from brief egg lay coUecUons were placed on medium-containing grids. Unfertilized eggs (white eggs) and dead 

containing aS^^ the dpp Hin region was transposed onto the standard CyO balancer. Thas denved balancer. 

CvO P23 contributes sufficient dpp-^ activity to rescue balanced dpp null alleles. ui pi? 

»Apprrximaterone^^^^^^^^^^ dead'embryos from cross 1 are dpp"-/Dft2L)DTD48. The others arc presumably CyO-F23 

stTrossIs" 2-5. each dpp auU-bearing second chromosome also contains one or more copies of the chimeric transgene. Five 
Hiffereni indeoendent insertions of the transgene were used (designated r«A-rnt). ^, . , , ,u,, 

Wss 2 6^^ was heterozygous for a wild-type (i.e^pp^) ^^^^—/tj^^^^^^^^ 

rnuld notentia^iv izive rise to a large proportion of inviable eggs would be the dpp""'' Tn/Df(2L)DTD48 In offspnng. Hence, 
th sS^^^^ ly Sle'in^ne of the crosses, 25% dead embryos are exacted; jh^V,'"'' ''?n?.e\%T'" 

2 and 3 ?f thrgenotype is totally viable, essentially no dead embryos are expected; this result obtams m crosses 4-6. 



embryonic dorsal-ventral pattern is achieved by one and two 
copies, respectively, of the Drosophila transgene (19). In 
contrast, the chimeric dpp~BMP4 construct is less efficient at 
rescuing this genotype. One or two copies of the chimenc 
dpp~BMP4 transgene only achieves partial rescue. To deter- 
mine whether this partial rescue were simply a quantitative 
effect or an intrinsic limitation of the chimeric transgene, 
genotypes containing three or four copies were then tested. 
Full rescue of the embryonic dorsal-ventral pattern is 
achieved with both three and four copies of the chimeric 
transgene as indicated by the proportion of dpp- individuals 
that hatch (Table 1; Fig. 3). Thus, we conclude that, in the 
complete absence of endogenous dpp activity, a sufficient 
level of active chimeric DPP-BMP4 ligand can be generated 
to lead to a wild-type level of activation of the DPP receptor. 

Why is the response of a given dosage of the chimeric 
transposon less robust than the comparable dosage of the 
Drosophila dpp transgene? Our preferred model is that the 
human ligand may have a lower affmity for the DPP receptor. 
The residues that bind to the receptor have not been posi- 
tively identified so we cannot examine this possibility. One- 
fourth of the amino acids in the chimera are different from 
those of DPP and we know that flies are sensitive to the dose 
and activity of the dpp gene. There are other reasonable 
possibilities to account for the reduced activity of the chi- 
meric gene. For example, it may be that we have altered the 
rate of proteolytic processing (in spite of our choice for the 
fusion site between the two genes) since these sites are not 
well defined. It may be that the DPP propeptide region or 
some other factor le.g., tolloid (22)1 does not interact with the 
BMP4 ligand region as efficiently, thus reducing the amount 
of active protein (23). Our present assay systems are inca- 
pable of distinguishing among these possibilities. 

We have made a similar chimera between dpp and BMP2 . 
While not yet tested for its ability to rescue homozygous null 
dpp genotypes, we have found that the one copy of the 
dpp-BMP2 chimera fully rescues dpp monosomies (that are 
otherwise inviable) , just as the dpp-BMP4 chimera does (data 
not shown). 

CONCLUDING REMARKS 

The results of these studies are significant for several rea- 
sons. A secreted protein from humans has been shown to 
function in invertebrates. Most protein swapping expen- 
ments have shown conserved function of transcription fac- 



tors in heterologous systems (24, 25). Furthermore, our 
experiments required that normal levels of the protein rescue 
a mutant phenotype. Most other gene replacement expen- 
ments involve overexpression of the heterologous genes to 
achieve a mutant phenotype, a less stringent criterion of 
conserved function. The similar structures of the dpp and 
BMP2/BMP4 transcription units, in conjunction with func- 
tional conservation, add strength to the argument that these 
genes are true evolutionary homologs in the arthropod and 
vertebrate lineages, respectively. 

Given strong arguments for evolutionary and functional 
conservation of these genes, it may be that they have retained 
common developmental roles (4, 5, 13, 26, 27). At present, 
this is difficult to determine. Since it is hard to equate the 
embryological events between Drosophila and vertebrates 
with our current knowledge, it is difficult to assign a similar 
developmental function to dpp, BMP2, and BMP4. Further- 
more, both of these related human genes are involved in 
several uncharacterized developmental events, adding fur- 
ther difficulty to correlating developmental functions. How- 
ever, it is clear from our study that these growth factors do 
not function to produce one kind of developmental event but 
rather send cellular signals that are interpreted in the context 
of the developmental state of the cell. This aspect of this 
growth factor family has been conserved for at least 600 
million years. . 

The secreted proteins in the TGF-/3 famUy are involved m 
many protein-protein interactions prior to binding their re- 
spective cellular receptors (28-31). These protein interac- 
tions may be important for processing and/or altenng the 
activity of the growth factor proteins, such as the role 
postulated for the tolloid/BMPl proteins (7, 22). Receptors 
for DPP or any BMP have not been identified to date. 
However, given the nature of the structural conservations 
between aU TGF-/3 family members, it is most plausible to 
expect that DPP and the BMPs act by binding to a trans- 
membrane receptor, thereby initiating a signal transduction 
cascade. Since the chimeric DPP-BMP4 protein functions m 
Drosophila, then it must be folded properiy, processed 
property, bound in protein completes, and presented to the 
receptor in a manner very similar to the endogenous Dro- 
sophila protein. Because this experiment was successful, it 
seems likely that many of the components of the signal 
transduction pathway have been conserved between Dro- 
sophila and vertebrates. These studies indicate that insights 
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we gain by studying these secreted factors in one system can 
likely be applied to other systems. 
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